Landmark-based morphometric and meristic analysis of pond, haor and estuary populations of Glossogobius giuris (Hamilton,1822) (Perciformes:Gobiidae) were done to find out variations among the three stocks. Samples were collected from three different regions such as pond of Mymensingh, haor of Kishoreganj and estuary of Barisal. Significant differences (*P<0.01) were observed in 13 general morphometric and 23 size adjusted landmark-based morphometric measurements among three stocks. Among the 11 meristic counts the first dorsal fin rays (D1FR), transverse scale above lateral line (TSALL), branchiostegal rays and number of vertebrae were same among fishes of these stocks. In case of pectoral fin rays (PcFR) and transverse scale on lateral line (TSOLL) the haor stock was significantly different from other two stocks. In discriminant space, pond stock was isolated from other two stocks. On the other hand, haor and estuary stocks showed very close relationship. A dendrogram based on the hierarchical cluster analysis using size adjusted general morphometric and landmark measurements formed two main clusterspond stock in one cluster and other two stocks (haor and estuary) remained in another cluster. It indicates that pond stock was separated. The second cluster explained that haor and estuary stocks had very close relationship.
Introduction
One of the Small Indigenous Species (SIS), Glossogobius giuris, has a special preference in the diet of people of Bangladesh because of its unique taste, low fat and high protein content (Islam and Joadder, 2005) . It is the only species of genus Glossogobius, available in Bangladesh (Rahman, 1989 ) locally known as baila or bele and a minor commercial species for capture fishery (Hoese, 1986) . Glossogobius is a complex and diverse genus of gobiid fish predominantly available in the freshwater of Indo-west Pacific region. It commonly occurs in estuarine areas and freshwater throughout Bangladesh, Ceylon, India, Burma, Malaysia and Far East (Bhuiyan, 1964; Srivastava, 1968) .
The feature that makes it a matter of special interest is its size variability. Body size variation of G. giuris in different region of Bangladesh is a typical fact. The largest fish has been found to reach a length of 40cm (standard length) and the smallest about 3cm (Hoese, 2008) . Usually the individuals found in the confined waters like ponds are small and those collected from open water bodies like haors, rivers and estuaries are big. The possible explanation of this distinct size variability may include the preference and availability of food by the species as they are carnivorous and at the same time cannibalistic (Islam, 2002) , influence of water quality and confined condition of some freshwater bodies (ponds, ditches, marshes etc.), different species or strain, possible inbreeding or combination of all the above mentioned factors.
The morphometric relationships between various body parts of fish can be used to assess the well being of individuals and to determine possible difference between separate unit stocks of the same species (King, 2007) . The comparative study of population structure through meristic and landmark-based morphometric charateristics can be the reliable tool to highlight the situation of existing population structure of different regions. The aim of this study is to compare stock variability of G. giuris through morphometric and meristic characteristics from three different stocks such as pond stock of Mymensingh, haor stock of Kishoreganj and estuarine stock of Barisal. Stock analysis through landmark-based morphometry might give some idea as to whether there is any variation among the stocks of G. giuris of these three stocks.
Materials and Methods

Collection of samples
During 1 October 2010 to 31 March 2011, 30 samples of G. giuris were collected from each of three different stocks: pond stock of Mymensingh, haor stock of Kishoreganj and estuarine stock of Barisal (Fig.1) . Collected samples were placed individually into plastic bags and were kept in ice box until transportation to the laboratory under the Department of Fisheries Biology and Genetics, Bangladesh Agricultural University, Mymensingh, Bangladesh.
Fig. 1. Sites of sample collection
Meristic counts in three different stocks of G. giuris
Eleven meristic characters were recorded for fish of each of the three stocks, which were analyzed following the conventional method described by Hubbs and Lagler (1958) . A magnifying glass was used to count the fin rays and only the principal rays were counted as separate ray. The number of vertebrae was counted by removing the muscle upon boiling fish sample.
Morphometric measurements in three different stocks of G. giuris
Thirteen general morphometric characters (Table 1 and Fig. 2) were measured from G. giuris collected from each of the three stocks following the conventional method described by Hubbs and Lagler (1958) . The morphometric characters were measured with an accuracy of 0.05 mm. The distance from the nose tip to the end of the vertebral column. 3 Head length (HL)
The distance from the nose tip to the posterior margin of the opercula. 4 Pre-orbital length (PROL)
The distance from the tip of snout to anterior margin of the eye. 5 Orbital length (OL)
The diameter of the eye. 6 Post-orbital length (POOL)
The distance from the posterior margin of the eye to end of operculum. 7 Pre-dorsal fin length (Pre-DFL)
The distance from the snout tip to the anterior base of 1 st dorsal fin. 8 Post-dorsal fin length (Post-DFL) The distance from the posterior base of dorsal fin to the longest caudal fin ray. 9 Pectoral fin base length (PcFL) Length of the base of pectoral fin. 10 Pelvic fin base length (PvFL) Length of the base of pelvic fin. 11 Anal fin base length (AFL)
Length of the base of anal fin. 12 Least body depth (LBD) Caudal peduncle length. 13 Highest body depth (HBD)
The vertical distance from the anterior part of the first dorsal fin and ventral part of the body. Fig. 2 . Indication of the general morphometric characters on the fish body
Landmark-based morphometric measurements
Landmark morphometric data were collected using the "Truss network system". Data points were arranged in 'trusses' around the fish (Fig. 3) . Twenty three landmark-based morphometric measurements (Fig. 3) were recorded. To do these twenty three different distances were defined and measured on the body by placing the fish on a graph paper and landmark points were detected with a dissecting needle. Finally, the distances on the graph paper were measured by using Vernier callipers. Prior to the analysis, it was necessary to eliminate any size effect from the data set. Variation should be attributable to body shape differences, and not related to the relative size of the fish. In the present study, there were significant linear correlations among all measured characters and the total length of the fish. Therefore, it was necessary to remove size-dependent variation for all the characters. An allometric formula given by Elliott et al. (1995) was used to remove the size effect from the data set.
Where, M: original measurement, M adj : size adjusted measurement, L o : total length of fish, L s : overall mean of standard length for all fish from all samples in each analysis. Parameter b was estimated for each character from the observed data as the slope of the regression of log M on log L o , using all fish in all groups.
Statistical Analysis: Meristic characters were compared using the non-parametric Kruskal-Wallis test. Univariate analysis of variance (ANOVA) were carried out to test the significance of morphological differences (P<0.01) on the basis of size adjusted morphological and landmark distance data. In addition, all size adjusted morphological and landmark distance data were standardized and submitted to a discriminant function analysis (DFA). A dendrogram of populations based on the morphometric and landmark distances data were drawn by the Squared Euclidean Dissimilarity Distance. All statistical analysis were done using SPSS vers. 16 (SPSS, Chicago, IL, USA). 
Results and Discussion
Meristic counts
Meristic counts of all samples ranged from 6 for 1 st dorsal fin rays, 9-11 (median, m e =10 ) rays for 2 nd dorsal fin, 15-21 (m e =18 ) rays for pectoral fin, 9-11 (m e =10 ) rays for pelvic fin, 8-10 (m e = 9 ) rays for anal fin,13-18 (m e =15 ) rays for caudal fin and 5 branchiostegal rays, for transverse scales on lateral line 28-32 (m e = 29 ), transverse scales above lateral line 4, transverse scales below lateral line 4-5 (m e = 4 ) and no. of vertebrae was 26 ( Univariate statistics (ANOVA) showed that among 11 meristic measurements, all measurements except second dorsal fin rays (D 2 FR) were significantly different (P<0.01) from each other. Among 11 meristic measurements, first dorsal fin rays (D 1 FR), branchiostegal rays (BR) and no. of vertebrae cannot be computed because variables were constant (Table 2) . In the present study, meristic counts of G. giuris population of pond stock ranged from 6 rays for 1 st dorsal fin, 9-11 rays for 2 nd dorsal fin, 15-17 rays for pectoral fin, 9-11 rays for pelvic fin, 8-10 rays for anal fin, 13-16 rays for caudal fin and 5 branchiostegal rays. Transverse scales on lateral line, transverse scales above lateral line, transverse scales below lateral line ranged from 28-30, 4 and 4-5 respectively. However, according to Islam and Mollah (2012) the meristic counts of G. giuris population of pond ranged from 6 rays for 1 st dorsal fin, 10-11 rays for 2 nd dorsal fin, 15-19 rays for pectoral fin, 10-12 rays for pelvic fin, 8-9 rays for anal fin, 21-28 rays for caudal fin and 5 branchiostegal rays.
Meristic counts of G. giuris population of haor stock ranged from 6 rays for 1 st dorsal fin, 10 rays for 2 nd dorsal fin, 20-21 rays for pectoral fin,10 rays for pelvic fin, 9 rays for anal fin, 14-16 rays for caudal fin and 5 branchiostegal rays. Transverse scales on lateral line, transverse scales above lateral line, transverse scales below lateral line ranged from 30-32, 4 and 4-5 respectively.
Meristic counts of G. giuris population of estuary stock ranged from 6 rays for 1 st dorsal fin, 9-10 rays for 2 nd dorsal fin, 17-21 rays for pectoral fin, 10 rays for pelvic fin, 8-9 rays for anal fin, 16-18 rays for caudal fin and 5 branchiostegal rays. Transverse scales on lateral line, transverse scales above lateral line, transverse scales below lateral line ranged from 29-31, 4 and 4-5 respectively. The meristic counts of the proposed study was more or less similar to that reported by Talwar and Jhingran (2001) and Rahman (2005) for G. giuiris. They reported that the first dorsal fin has 6, second dorsal fin has 7-9 , anal fin has 7-9 and the pectoral fin has 16-21 soft rays, lateral series scales are 38-36. However, it is dissimilar to that observed by Engin et al. (2007) in red-mouthed goby, Gobius cruentatus, in which the authors summarized the meristic characters as fins: D1 VI; D2 I/13-I/14; A I / 11+I/12; C 16-17 articulated rays, 14-15 branched; P 20-21. P with ends of three to four uppermost rays free from membrane. This variation is due to taxonomic difference. Although they belong to the same family i.e. Gobiidae but their genus is different. Most of the meristic counts of the present study also showed dissimilarities with that observed by Akihito and Meguro (1975) for Glossogobius aureus. They recorded second dorsal mostly I, 9; anal mostly I, 8; pectoral 16-21; scale in a longitudinal series 29-34; scale in a transverse series 8-12; predorsal scale 19-29. Anal and pelvic fins not mottled, caudal fin mottled with dark spots in G. aureus. This is also true for G. giuris.
Among the 11 meristic counts the first dorsal fin rays (D 1 FR), transverse scale above lateral line (TSALL), branchiostegal rays and number of vertebrae were same among fishes from these stocks (Table 2) . However, in case of pectoral fin rays (PcFL) and transverse scale on lateral line (TSOLL) the haor stock of Kishoreganj was significantly higher than other stocks (pond stock of Mymensingh and estuary stock of Barisal). 
Morphometric and landmark measurements
Univariate statistics (ANOVA) showed that 13 size adjusted general morphometric measurements were significantly different (*P<0.01) from each other (Table 4) . Similarly, all 23 size adjusted landmark-based morphometric measurements were significantly different (*P<0.01) from each other (Table 5 ). Efficiency of the allometric formula in removing the size effect from the data was justified by using correlation between total length and adjusted characters. That is why total length was excluded first and not transformed because using this parameter as standard all other parameters were standardized. All the twelve transformed morphometric measurements as well as 23 landmark distances were found highly correlated with total length. Islam and Mollah (2012) observed the similar results.
Prior to discriminant analysis (DA), discriminant function scores 1 and 2 were determined on the basis of software process using size adjusted general morphometric and landmark distances and plotted in the discriminant space. In discriminant space, pond stock of Mymensingh was separated from other stocks (Fig. 4) . This suggested that pond stock was morphologically dissimilar to other stocks (haor of Kishoreganj and estuary of Barisal) of G. giuris. On the other hand, haor stock of Kishoreganj and estuary stock of Barisal showed very close relationship. This suggested that the three stocks are morphologically fragmented or divergent and more or less isolated from each other. Discriminant function analysis produced two discriminant function (DF1 and DF2) for both morphometric and landmark measurements. For morphometric and landmark measurements the first DF accounted for 98.7% and 76.0 % and the second DF accounted for 1.3% and 24.0 % respectively of among group variability, explaining 100 % of total among group variability.
Pooled within groups correlation between discriminant variables and DFs revealed that among the 13 morphometric measurements: pre-dorsal fin length (Pre-DFL), head length (HL), standard length (SL), post orbital length (Post-OL), least body depth (LBD) and highest body depth (HBD) contributed to the first DF and the rest six measurements-post dorsal fin length (Post-DFL), anal fin length (AFL), preorbital length (Pre-OL), pectoral fin length (PcFL), pelvic fin length (PvFL), and orbital length (OL) contributed to the second DF (Table 6 ). In case of landmark measurements (truss measurements) among the 23 measurements -1 to 11 and 4 to 9 dominantly contributed to the first DF (DF1) and the rest 21 measurements contributed to the second DF (Table 7) . Variables ordered by absolute size of correlation within function. *Largest absolute correlation between each variable and any discriminant function.
A dendrogram based on the hierarchial cluster analysis using size adjusted general morphometric and landmark measurements for G. giuris are shown in Fig. 5 . The dendrogram formed two main clusterspond stock in one cluster and other two stocks (haor and estuary) remained in another cluster. It indicates that pond stock was separated. The second cluster of dendrogram explained that haor and estuary stocks had very close relationship. The morphometric differences among three stocks are expected because they are geographically separated and may have originated from different ancestors. Therefore, it is not unlikely that environmental variations exist in these three stocks. Hence the difference between the pond stock with those of haor and estuary may have been due to environmental as well as genetic variations. Fish are very sensitive to environmental changes and quickly adapt themselves by changing necessary morphometrics (Hossain et al., 2010) . In general, fish demonstrate greater variances in morphological traits both within and between populations than other vertebrates, and are more susceptible to environmentally induced morphological variations (Allendrof et al., 1987; Wimberger, 1992) .
However, the differences in morphology of fish due to the environmental difference may not be found in gross morphometric characters. Therefore, truss network measurements (Landmark distance) were employed in this experiment. Truss network system is a powerful tool for identifying phenotypic traits of fish species (Turan et al., 2004b ). An unbiased network of morphometric measurements over a 2 dimensional outline of a fish removes the need to find the types of characters and optimal number of characters for stock separation and provides information over the entire fish form (Turan et al.,2004b) . The truss network system can be used effectively to distinguish among different stocks, subspecies, groups etc. In this case, more significant differences were expected because of three different stocks.
The difference between the pond stock and haor stock as well as estuary stock may be due to environmental condition.
Present study was not designed to investigate the actual cause due to which morphological variation occurs in different stocks of same species and to determine whether the morphological variations are environmentally induced or due to genetic factors or both. Investigation to this regard may be initiated on the basis of the present findings.
